SUMMARY Intestinal D-fructose absorption in 31 children was investigated using measurements of breath hydrogen. Twenty five children had no abdominal symptoms and six had functional bowel disorders. After ingestion of fructose (2 g/kg bodyweight), 22 Fructose is used with increasing frequency in a number of foods, especially beverages. Since its incomplete absorption may lead to recurrent abdominal pain, we decided to investigate fructose absorption in children, measuring the hydrogen concentration in expired air after a fructose challenge.
Intestinal D-fructose absorption has been studied less extensively than that of the other two monosaccharide components of the human diet, D-glucose and D-galactose. Its absorption is assumed to take place by energy independent, facilitated transport,' but evidence of active intestinal transport of fructose has been found in the rat.2 3 Concern regarding fructose ingestion is directed more towards its toxic metabolic effects than towards limitations of absorption.' 4 Ravich et al 5 recently investigated fructose absorption in adult volunteers by means of the breath hydrogen test and found that in most subjects absorption of 50 g given as a 20% solution was incomplete. Fructose absorption has not previously been studied in children.
Fructose is used with increasing frequency in a number of foods, especially beverages. Since its incomplete absorption may lead to recurrent abdominal pain, we decided to investigate fructose absorption in children, measuring the hydrogen concentration in expired air after a fructose challenge.
Subjects and methods
We studied 31 children aged between 1 month and 16 years 9 months (mean 7-7 years). Twenty five children were completely free of gastrointestinal symptoms but six had functional abdominal complaints. None of the children had received antibiotics or cytotoxic treatment in the days before the tests. The parents gave informed consent and some were present during the test.
Fructose was given as a 20% solution at a dose of 2 g/kg body weight (maximum 50 g) after a fast of at least six hours. Duplicate breath samples were taken immediately before administration of the fructose solution and at 30 minute intervals thereafter for two and a half hours, using a modification of the method of Douwes et al. 6 The samples were stored in vacuum tubes. The hydrogen concentration of the samples was assessed using a Hewlett Packard HP 5880 gas chromatograph and a thermal conductivity detector. A 50 cm stainless steel column filled with molecular sieve 5A was flushed with nitrogen, 12 ml per minute. The oven temperature was 60°C and the detector temperature 300°C. Any abdominal symptoms present during the test were noted. The results were corrected for the basal breath hydrogen value which ranged from 4 to 23 ppm in 30 children and was 114 ppm in one. The peak increase in breath hydrogen was determined: a peak increase of more than 10 ppm was considered indicative of incomplete absorption of fructose. (Fig. 1) . The dosage of fructose used in these tests is, in fact, non-physiological. Nevertheless, healthy children are able to absorb the same dose of lactose or sucrose completely and the amount used is widely accepted for the investigation of carbohydrate malabsorption. One child, who was unable to absorb 50 g of fructose completely, showed no rise in breath hydrogen excretion after the ingestion of 100 g of sucrose, which contains about the same amount of fructose (Table) . In addition, 'predigested' sucrose, that is fructose in combination with glucose, was completely absorbed in six of seven children undergoing the test (Fig. 2) . (The same holds true for the combination of fructose and galactose.) Accordingly, sucrose ingestion seldom leads to abdominal symptoms, and sucrose digestion and absorption has been shown to be complete in almost all children tested.9 Thus, sucrase is rarely a limiting factor in the absorption of the fructose moiety of sucrose.
To elucidate the mechanism by which glucose improves fructose absorption, additional tests were performed in one boy (Table) . It may be postulated that the improved fructose absorption is due to dilution of the fructose solution rather than to glucose per se. The larger volume of the solution Incomplete intestinal absorption of fructose 737 may lead to delay in gastric emptying, thus slowing down the availability of fructose to the intestinal mucosa. Alternatively, absorption may be improved by the 'solvent drag' effect of glucose uptake. Neither dilution of the fructose solution, however, nor addition of urea, another rapidly absorbed compound, stimulated fructose absorption (Table) . Another possibility is a direct stimulating effect of glucose on the intracellular conversion of fructose in the mucosa, increasing the concentration gradient of fructose. There is no evidence, however, that galactose is metabolised in the intestinal mucosa;""' if this were the case the effect of galactose on fructose absorption might be expected to be different from that of glucose, and this is in contrast with our findings. Moreover, even small amounts of glucose should have an effect on fructose uptake.
Milla et al"' found that glucose improved fructose absorption, in rat jejunum, but this effect was only present if glucose was added at low concentrations (2 mmol/l compared with 20 mmol/l for fructose) and disappeared at higher (56 mmol/l) glucose concentrations. We found a clear dose-effect relation however between glucose and breath hydrogen excretion, indicating another mechanism. Glucose and galactose share one mucosal membrane carrier and it is possible that the improved effect is mediated by this carrier, possibly resulting in activation of the fructose carrier. Further investigations are needed to elucidate the mechanism by which fructose absorption is promoted by other monosaccharides.
Malabsorption of fructose leading to chronic abdominal symptoms in adults has been described. 12 Barnes et 
